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(54) Porous fibrous structure and process for producing the same 

(57) A novel porous fibrous structure containing 
from 10 to 100% by weight of wet heat bonding fibers, 
having cellular cavities in the fibrous structure of the fib- 
ers, in which a plurality of indefinite cellular cavities are 
present independently or in a state of partially con- 
nected in the inside of the fibrous structure, at least a 
portion of the fibers constituting the fibrous structure is 
heat bonding by the wet heat bonding fibers, and a 
process for producing such porous fibrous structure. 
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Description 

Background of the Invention 

Field of the Invention 5 

[0001] This invention concerns a porous fibrous 
structure and, more in particular, it relates to a novel 
porous fibrous structure having a plurality of indefinite 
cellular cavities inside the fibrous structure and a manu- 10 
fact u ring method thereof. 

Description of the Prior Art 

[0002] Products prepared by bonding non-woven 15 
fabrics or block form fibrous structures with adhesives 
or adhesive fibers have been generally used. Such 
products are required for bulkiness depending on the 
application uses, for which various proposals have been 
made. For example, a method of impregnating a fibrous 20 
structure with a foaming agent to provide bulkiness by 
foaming of the agent and a method of dissolving water 
soluble fibers out of the fibrous structure containing the 
water soluble fibers thereby providing bulkiness have 
been proposed. Although such prior art techniques pro- 25 
vide bulkiness to some extent to the fibrous structure, 
their effect is extremely small. 

[0003] Further, in the former method, since the fib- 
ers are embedded in the foamed resin, property inher- 
ent to the fibers such as softness and hygroscopic 30 
property can not be developed. In the latter method, the 
size of the cavity formed between the fibers is not larger 
than that of the fibers removed by dissolution and, as a 
result, the porosity is restricted and the utilization factor 
of the fibers is reduced since the starting fibers are par- 35 
tially removed by dissolution. 

[0004] Further, Japanese Published Unexamined 
Patent Application Sho 59-76959 and Sho 60-28565 
disclose non-woven fabrics obtained by mixing polypro- 
pylene fibers formed by incorporating azodicarboxylic 40 
acid amide as a blowing agent into the surface of the fib- 
ers thereby forming a plurality of fine cleft holes to the 
surface with binder fibers and applying heat treatment. 
However, the non-woven fabric obtained by this method 
has no cellular cavities in the non-woven fabric but this 45 
intends to modify the surface smoothness of the syn- 
thetic fibers by the presence of fine cleft holes on the 
surface of the fibers. On the other hand, wadding is 
applied as filling fibers or core materials of mattresses 
and stuffed dolls but any of them has uniform structure 50 
in which wadding is entangled at random and has no 
cellular cavities. 

[0005] Fibrous structures consisting only of fibers 
and with extremely high porosity having indefinite cellu- 
lar cavities have not yet been known. 55 
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Object of the Invention 

[0006] This invention intends to provide a novel 
fibrous structure having an entangled structure of fibers 
and cellular cavities together, as well as a manufactur- 
ing method thereof. 

Summary of the Invention 

[0007] The foregoing object can be attained in 
accordance with this invention in a porous fibrous struc- 
ture containing from 10 to 100% by weight of wet heat 
bonding fibers, in which a plurality of indefinite cellular 
cavities are present independently or in a state that a 
plurality of them are connected partially in the inside of 
the fibrous structure, and at least a portion of the fibers 
constituting the fibrous structure are heat bonded by the 
wet heat bonding fibers. 

[0008] Further, this invention also provides a proc- 
ess for producing a porous fibrous structure, which 
comprises impregnating a fibrous structure containing 
from 10 to 100% by weight of wet heat bonding fibers 
with water, then heating the water-containing fibrous 
structure to evolve bubbles by boiling water in the 
fibrous structure, and forming a plurality of indefinite 
cavities in the inside of the fibrous structure and, simul- 
taneously, heat bonding at least a portion of the fibers 
constituting the fibrous structure by the wet heat bond- 
ing fibers. 

[0009] The wet heat bonding fibers contained in the 
porous fibrous structure according to this invention are 
fibers containing a polymer which is softened in hot 
water at about 95 to 100°C and bond to each other or 
bond to other fibers. 

[0010] An example of such polymer can include an 
ethylene - vinyl alcohol copolymer. The ethylene - vinyl 
alcohol copolymer means a copolymer in which ethyl- 
ene residues are copolymerized by 10 to 60 mol% to 
vinyl alcohol residues. The copolymer copolymerized 
with 30 to 50 mol% of the ethylene residues are pre- 
ferred in view of the wet heat bonding property. Further, 
the vinyl alcohol moiety preferably has a saponification 
degree of 95 mol% or more. The large content of the 
ethylene residue can provide a specific nature of not 
soluble in hot water while having wet heat bonding prop- 
erty. The degree of polymerization can be selected 
optionally and it is usually about from 400 to 1500. After 
preparing an aimed porous fibrous structure, the ethyl- 
ene - vinyl alcohol copolymer can be partially 
crosslinked for post fabrication such as provision of dye- 
ability and modification of fibers. 

[0011] Other polymers showing the wet heat bond- 
ing property can include, for example, a copolymer con- 
taining acryloamide and polylactic acid. 
[0012] The wet heat bonding fiber may comprise 
the copolymer described above alone, or may conju- 
gated fibers with other thermoplastic polymer or fibers 
formed by coating the copolymer to fibers comprising 
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other thermoplastic polymer. It is necessary that the 
other thermoplastic polymer has higher melting point 
than the ethylene - vinyl alcohol copolymer in view of the 
heat resistance and dimension stability, and a thermo- 
plastic polymer having a melting point of 150°C or 5 
higher is preferred and it can include, specifically, poly- 
ester, polyamide and polypropylene. 
[0013] The polyester can include those fibers-form- 
ing polyesters comprising aromatic dicarboxylic acids 
such as terephthalic acid, isophthalic acid, naphtha- 10 
lene-2,6-dicarboxylic acid, phthalic acid, oc,(3-(4-carbox- 
yphenoxy) ethane, 4,4'-dicarboxydiphenyl and 5- 
sodium sulfoisophthalic acid; aliphatic dicarboxylic acid 
such as azelaic acid, adipic acid or sebasic acid or 
esters thereof; and diols such as ethylene glycol, dieth- 15 
ylene glycol, 1,3-propane diol, 1,4-butane diol, 1,6-hex- 
ane diol, neopentyl glycol, cyclohexane-1 ,4-dimethanol, 
polyethylene glycol and polytetramethylene glycol. It is 
preferred that 80 mol% or more of the constituent units 
are ethylene terephthalate unit. 20 
[0014] The polyamide can include, for example, 
aliphatic polyamide and semi-aromatic polyamide con- 
taining nylon 6, nylon 66 or nylon 12 and it may be a 
polyamide containing a smaller amount of a third ingre- 
dient. 25 
[0015] In a case of conjugated fibers comprising an 
ethylene - vinyl alcohol copolymer and other thermo- 
plastic polymer, the compositional ratio is preferably as 
the former to the latter ratio (weight ratio) = 1 0 : 90 to 90 
: 1 0, particularly, 30 : 70 to 70 : 30 in view of the spinna- 30 
bility. There is no particular restriction for the conjugated 
fiber so long as it is a known conjugated form, and it can 
include core-sheath type, eccentric core-sheath type, 
multi-layered type, side-by-side type, random conju- 
gated type and radial conjugated type providing that the 35 
copolymer is exposed at least partially of the fiber sur- 
face, preferably, by 50% or more. The cross sectional 
shape of the fibers may not be restricted to a solid circu- 
lar cross sectional or modified cross sectional shape, 
but it may be various cross sectional shapes such as 40 
macaroni shape. 

[0016] In a case of using them as a cleaning appli- 
ance for human body, cosmetic appliance and cleaning 
appliance for precision apparatus or noble metal prod- 
ucts, it is preferred that split type conjugated fibers are 45 
used as the composite fibers, to form a porous fibrous 
structure comprising single fibers of 0.1 denier or less 
and, preferably, 0.01 denier or less, in view of feeling 
and wiping performance. 

[0017] Further, in the fibers formed by coating the so 
ethylene - vinyl alcohol copolymer to other thermoplas- 
tic fibers, it is preferred that the copolymers covers the 
surface of other fibers by 1/3 or more and, preferably, 
1/2 or more. 

[0018] It is necessary that the porous fibrous struc- 55 
ture of this invention contains the wet heat bonding fib- 
ers by 10 to 100% by weight, preferably 30 to 100% by 
weight and, further preferably, 50 to 100% by weight. If 
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the wet heat bonding fibers are less than 10% by 
weight, adhesion of the fibers is insufficient to make the 
formation of the cellular cavities. The porous fibrous 
structure is not particularly restricted to woven or knitted 
products, n on- woven fabrics, block form fibrous struc- 
tures and composite structures thereof, and wadding 
type or shaped fibrous structures and various kind of 
needle-punched non-woven fabrics are included. Fur- 
ther, other non-woven fabrics, cloths, films and network- 
like products may be laminated or sandwiched there- 
with. 

[0019] Further, the porous fibrous structure is not 
restricted to those of plane structure but it may be 
formed into arbitrary three dimensional indefinite 
shapes such as of rectangular boxes, cylinders, 
spheres, dolls or animals. For example, three dimen- 
sional porous fibrous structure manufactured by blowing 
fibers into a shaping mold formed into the shape 
described above can also be used. 
[0020] On the other hand, other fibers than the wet 
heat bonding fibers constituting the porous fibrous 
structure are not particularly restricted but natural fib- 
ers, semi-synthetic fibers and synthetic fibers can be 
used and they are selected depending on the purposes 
of application. 

[0021] The cellular cavities formed in the porous 
fibrous structure according to this invention have vari- 
ous indefinite shapes including spherical shapes and 
cloud-type shapes, and are hollow cavities having a size 
capable of being distinguished clearly from the intra- 
fiber spaces of the fibers constituting the porous fibrous 
structure. The size of major axis of the cellular cavities 
distributes widely from about 1 mm to about 30 mm. The 
cellular cavities are present in the porous fibrous struc- 
ture independently or in a state where a plurality of them 
are connected partially. The independent or continuous 
shape of the cellular cavities is not restricted particularly 
but of such a shape as visually observed in a specimen 
or an enlarged photograph thereof. With a micro point of 
view, a cellular cavity contiguous for several tens cen- 
timeters may exist. 

[0022] The porous fibrous structure according to 
this invention has a feature in having a plurality of large 
cavities with a major diameter of about 5 mm or more. 
The porosity can be determined optionally depending 
on the amount of the wet heat bonding fibers, the accu- 
mulation density of the fibers and the wet heat treating 
conditions and it is preferably about 80% or more and, 
further preferably, 90% or more of the porosity accord- 
ing to the mercury porosimetery. 
[0023] The cavities are formed without using the 
foaming agent at all, and have a structure not found in 
the conventional porous fibrous structures. Referring to 
the cavities in this invention, the fibrous structure con- 
taining wet heat bonding fibers is impregnated with 
water, the water-containing fibrous structure is heat 
treated at about 1 00°C, that is, at a boiling point of water 
to form a great amount of bubbles in the fibrous struc- 
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ture, the fibers of the structure are moved by the bub- 
bles, the resultant spaces form cellular cavities in the 
fibrous structure, the wet heat bonding fibers are melted 
simultaneously by the heat to fix the inner wall surface 
of the cavities, and fibers in other portions are bonded to 
each other to form an entangled structure. 
[0024] According to this invention, formation of the 
cellular cavities and heat bonding of the fibers are taken 
place simultaneously by the combination of the wet heat 
bonding fibers and heating with boiling water to form a 
porous fibrous structure. 

[0025] The porous fibrous structure according to 
this invention can be formed as a homogeneous porous 
fibrous structure having the cellular cavities entirely and 
also formed as a so-called asymmetric structure having 
a dense layer on one surface thereof and a porous 
fibrous layer in contiguous therewith. It is of course pos- 
sible to use known adhesive or blowing agent for a sec- 
ondary purpose. 

Description of the Drawings 

[0026] 

Fig. 1 is a schematic cross sectional view illustrat- 
ing a porous fibrous structure according to this 
invention; 

Fig. 2 is a schematic cross sectional view illustrat- 
ing another example of a porous fibrous structure 
according to this invention; 

Fig. 3 is a schematic cross sectional view illustrat- 
ing a further example of a porous fibrous structure 
according to this invention; 

Fig. 4 is a schematic view illustrating an example of 
a precursor for manufacturing spherical porous 
fibrous structure according to this invention; 
Fig. 5 is a partially cut-out schematic cross sec- 
tional view of a spherical porous fibrous structure 
according to this invention; 

Fig. 6 is a schematic view illustrating an example of 
a precursor for manufacturing a columnar porous 
fibrous structure according to this invention; 
Fig. 7 is a partially cut-out schematic cross sec- 
tional view of a columnar porous fibrous structure 
according to this invention; 

Fig. 8 is a schematic view illustrating an example of 
a precursor for manufacturing a sheet-like porous 
fibrous structure according to this invention; 
Fig. 9 is an enlarged schematic cross sectional 
view of a sheet-like porous fibrous structure accord- 
ing to this invention; 

Fig. 10 is an enlarged schematic view illustrating a 
network structure of natural sponge; 
Fig. 11 is an enlarged schematic view illustrating 
the structure of porous fibrous structure according 
to this invention; 

Fig. 12 is a schematic cross sectional view of a 
porous fibrous multi-layer composite having a 



porous fibrous layer on one surface of a support 
layer; 

Fig. 13 is a schematic cross sectional view of a 
porous fibrous multi-layer composite having two 
5 porous fibrous layers on both surfaces of a support 

layer; 

Fig. 14 is a schematic cross sectional view of a 
porous fibrous multi-layer composite put between 
two support layers; 

w Fig. 15 is a schematic cross sectional view illustrat- 
ing an example of a sheet-like porous fibrous multi- 
layer composite according to this invention; 
Fig. 16 is a schematic cross sectional view illustrat- 
ing another example of a sheet-like porous fibrous 

15 multi-layer composite according to this invention; 

Fig. 17 is a schematic cross sectional view illustrat- 
ing a further example of a sheet-like porous fibrous 
multi-layer composite according to this invention; 
Fig. 1 8 is a partially cut-away schematic view illus- 

20 trating an example of a cylindrical porous fibrous 
multi- layer composite according to this invention; 
Fig. 19 is an enlarged cross sectional view illustrat- 
ing a structure of a dense melted fibrous layer 
according to this invention; and 

25 Fig. 20 is a knitting structural view employed in 
Example 8. 

Description of Preferred Embodiments 

30 [0027] A structure of a porous fibrous structure hav- 
ing cellular cavities according to this invention is to be 
explained in more details with reference to the drawings. 
[0028] Fig. 1 is a schematic cross sectional view 
illustrating a porous fibrous structure according to this 

35 invention. 

[0029] A plurality of fibers 1 are entangled at ran- 
dom to constitute porous fibrous structure which has at 
the inside independent cellular cavities 2 and cellular 
cavities 3 formed by a plurality of cavities connected 

40 partially. The independent cellular cavity is a cavity con- 
stituting a defined space, and the cellular cavity con- 
nected partially is a cavity having narrow connecting 
portions in the cavity or pores at the inner wall and of a 
shape in connection with the adjacent cavities. Fibers 1 

45 are melted by means of wet heat bonding fibers at the 
intersections and junctions between each of the fibers, 
and the porous fibrous structure itself has sufficient 
shape retainability and strength. 
[0030] Fig. 2 is a schematic cross sectional view 

so illustrating another example of the porous fibrous struc- 
ture according to this invention. 

[0031] A plurality of fibers 1 constitute a non-woven 
fabric formed generally in a layerous manner in which 
independent cellular cavities 2 and a plurality of cellular 
55 cavities 3 comprising a plurality of cavities connected 
partially, most of which are formed with the major axis 
being along the lateral direction in the non-woven fabric 
layer. Since most of fibers are arranged layerous in the 
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non-woven fabric, the cellular cavities formed by the 
movement of the fibers take a laterally long shape. 
[0032] Further, fibers V arranged along the direc- 
tion of the thickness of the non-woven fabric are par- 
tially present in the layer. The fibers 1' are fibers 5 
entangled in the direction of the thickness caused upon 
needle punching of the non-woven fabric. In the porous 
fibrous structure in Fig. 2, since the formation of the cel- 
lular cavities is controlled by the entanglement of fibers 
in the direction of the thickness by the needle punching, 
the cellular cavities tend to become smaller compared 
with the porous fibrous structure in Fig. 1 . 
[0033] Fig. 3 is a schematic cross sectional view 
illustrating a further example of porous fibrous structure 
according to this invention. 

[0034] The porous fibrous structure has a dense 
layer 4 on one surface and a porous fibrous layer in con- 
tiguous therewith, and the porous fibrous layer com- 
prises entangled fibers 1 , independent cellular cavities 
2 and cellular cavities 3 partially in communication. The 
structure of the dense layer 4 can include various forms 
such as a structure similar with a film or a structure of a 
loose fiber web depending on the type and the amount 
of constituent fibers and on condition of the heat treat- 
ment. The dense layer 4 has no substantially cellular 
cavities as defined in this invention. 
[0035] A process for producing a porous fibrous 
structure according to this invention is to be explained 
below with reference to an example of using needle 
punched non-woven fabric. 

[0036] The needle punched non-woven fabric is 
obtained, for example, by mixing the wet heat bonding 
fibers and the polyethylene terephthalate fibers, and 
then passing them by way of a carding step through 
needling step. In this case needling may also be applied 
by laminating two kinds of card webs which made differ- 
ent in the type of the bonding fibers and/or in the mixing 
ratio of the wet heat bonding fibers. One of the factors 
for controlling the size of the cellular cavities is to prop- 
erly change the punching density. 
[0037] The present inventors have found that a plu- 
rality of indefinite cellular cavities can be formed in the 
fibrous structure by impregnating a fibrous structure 
containing wet heat bonding fibers, heating the water- 
containing fibrous structure and applying a wet heat 
treatment under the condition of making bubbles in the 
fibrous structure. For the treatment, a sufficient amount 
of water to generate bubbles under heating is neces- 
sary. The bubbles form the cellular cavities in the fibrous 
structure. By the way, even when bubbles are formed in 
the layer of the fibrous structure and the fibers are 
moved, the cellular cavities are not formed unless the 
structure is fixed in the fibrous structure. For forming the 
cellular cavities in the fibrous structure, wet heat bond- 
ing fibers are necessary. That is, the wet heat bonding 
fibers are heated and melted to form and fix the cellular 
cavities under the influence of the bubbles. The forego- 
ings are indispensable conditions of this invention. 



[0038] Heating required for generating the bubbles 
in the fibrous structure depends on the pressure of the 
heating atmosphere, which is usually about 100°C at 1 
atm. When the heating is conducted under a reduced or 
elevated pressure, the boiling temperature changes 
depending on the atmospheric pressure. It is important 
that the fibrous structure are heated under the presence 
of a sufficient quantity of bubbles. The heating tempera- 
ture also relates to the melting temperature of the wet 
heat bonding fibers. The heating temperature is prefer- 
ably at a melting temperature of the wet heat bonding 
fibers, or at a temperature higher than that by less than 
10°C. The wet heat processing time can be controlled, 
for example, depending on the amount of the fibrous 
structure or the extent of fusing of the fibers. 
[0039] This invention has a feature in that neither 
organic solvent nor foaming agent is necessary at all for 
forming the cellular cavities. Accordingly, burdens on 
the environment and operators are extremely small and 
the manufacturing cost can also be reduced. This merits 
provide a significant practical effect. 
[0040] The water-containing fibrous structure can 
be heated by blowing of steams or heating by heating 
with high frequency microwaves, for example, micro- 
waves at 2450 MHz. The microwave heating is preferred 
since bubbles can be generated easily in the fibrous 
layer. Further, the structure for the surface of the fibrous 
structure can be controlled by heating the fibrous struc- 
ture in a completely immersed state in water or in a 
state of partially exposing the same to an atmospheric 
phase. When the fibrous structure is wet heat treated in 
a state immersed in water, substantially uniform cellular 
cavities can be provided inside the structure. When the 
structure is wet heat processed in a state of exposing 
the surface, the surface can be formed into a dense 
layer. It is one of excellent advantages of this invention 
that the surface structure of the porous fibrous structure 
can be controlled by such a simple method. 
[0041 ] After melting the wet heat bonding fibers, the 
fibrous structure is cooled by a well-known method to fix 
the structure of the porous fibrous structure. Since the 
fibrous structure after the wet heat treatment contains 
hot water, it is preferably immersed in cold water or 
cooled by cold water shower. Cooling by cold air is poor 
in the efficiency. When the fibrous structure is com- 
pressed before sufficient cooling, the cellular cavities 
may possibly be deformed. On the other hand, the cel- 
lular cavities can be controlled also by utilizing the com- 
pression treatment. 

[0042] After cooling the fibrous structure, it is 
squeezed and/or dried at a ordinary temperature or by 
hot blow and then wound up on a take-up roller. In the 
case of block forms, they are dried independently. 
[0043] When the performance of the porous fibrous 
structure according to this invention is measured in the 
form of a non-woven fabric product, it has excellent per- 
formance such as tensile strength of 1 kg/cm or more, 
residual elongation of 2.7% at 10% elongation after 6 
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hours, a porosity of 80% or more, compression recov- 
ery: 90% or more at 50% compression and heat conduc- 
tivity of 0.05 kcal/m • h • °C. 

[0044] The porous fibrous structure according to 
this invention can be formed into any arbitrary shape. 5 
Further, in the method of this invention, it is possible to 
restrict growing of bubbles in the fiber bundles by con- 
straining the fiber bundle at a portion thereby forming 
small cellular cavities with small bubbles at the con- 
strained portion. In this case, larger bubbles are formed w 
gradually toward the free end of the fiber bundle to form 
large cellular cavities. As a result, a structure having a 
plurality of indefinite cellular cavities which are arranged 
with gradually larger sizes from the dense portion of the 
fiber bundle is obtained. 15 
[0045] By utilizing the basic constitution described 
above, the structure of the unit fiber bundle can be pre- 
pared independently, in linear arrangement or plane 
arrangement to form porous fibrous structures of spher- 
ical, columnar or sheet-like shape. 20 
[0046] Further, the porous fibrous structure can be 
manufactured by combining said porous structures with 
other fabric, non-woven fabric, strand or film. As an 
example of such a structure, it is possible to provide the 
fibrous structure with a spongy property. Typical exam- 25 
pies are to be explained specifically. 
[0047] For example, after constraining a fiber bun- 
dle containing wet heat bonding fibers gathered into a 
strand of about 5 cm length by winding a wet heat bond- 
ing fibers or different yarns at a position for substantially 30 
bisecting the bundle in the longitudinal direction, they 
are immersed in a water-filled vessel and irradiated with 
high frequency microwaves for heating in a state of 
causing bubbles from the inside of the fiber bundle to 
obtain a spherical porous fibrous structure. 35 
[0048] Further, a continuous fiber strand is pre- 
pared by providing a plurality of fiber bundles of about 5 
cm length containing wet heat bonding fibers, and a 
continuous, fiber strand constrained about at the middle 
point of each of the fiber bundles with a wet heat bond- 40 
ing fibers or different fibers is prepared (usually referred 
to also as chenille yarn). A columnar porous fibrous 
structure can be obtained by heating the fiber strand 
under irradiation of high frequency microwaves in a 
state of causing bubbles from the inside of the con- 45 
strained material in the same manner as described 
above. 

[0049] Further, a fiber strand containing wet heat 
bonding fibers are formed into cut piles, and a boa knit 
fabric is knitted using another strands as a base yarn. A 50 
sheet-like porous fibrous structure can be obtained by 
irradiating the high frequency microwaves to the result- 
ant knitted fabric in the same manner as described 
above and heating the same while generating bubbles 
from the inside of the knitted fabric. 55 
[0050] Further, a sheet-like porous fibrous structure 
can also be obtained by arranging in parallel or several- 
tens of continuous fiber bundles of chenille yarns used 
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in the columnar fibrous structure and fixing them with 
yarns to form a sheet and then applying wet heat treat- 
ment with the high frequency microwaves. 
[0051 ] Further, a sheet-like fibrous structure can be 
obtained also by making a spiral arrangement of che- 
nille continuous fiber and applying a wet heat treatment 
by high frequency microwaves. 

[0052] Further, it is also possible to obtain a porous 
fibrous structure of any optional three dimensional 
shape corresponding to a mold by applying wet heat 
treatment with high frequency microwaves after blowing 
or charging constrained short fiber bundles or continu- 
ous fiber bundles into the appropriate mold. 
[0053] According to this invention, in the portions 
constrained by the wet heat bonding fibers or other fib- 
ers as described above, fibers are arranged densely in 
the fibrous structure obtained finally, the arrangement of 
the fibers become coarser as receding from constrained 
portion, and a great amount of indefinite cellular cavities 
are present in a state of gradually increasing the size 
from the dense portion to the coarse portion. 
[0054] When observing the thus obtained porous 
fibrous structure finely, it is similar with the structure of 
sponge. That is, it has a network-like structure, in which 
cellular cavities open partially to the surface of the 
fibrous structure and fibers are melted at the inside. 
When comparing the structure with that of natural 
sponge, the openings at the surface, the cellular cavities 
at the inside and the network-like structure of the fibers 
are similar with those of sponge. The thus obtained 
spherical, columnar or sheet-like porous fibrous struc- 
ture is similar with natural sponge as it is in view of the 
appearance and can be used as a substituent for 
sponge. Further, they may be properly cut as required to 
form a product. 

[0055] Now, the fibrous structure before fabrication 
of the porous fibrous structure (hereinafter sometime 
referred to as a precursor) and the structure of the 
porous fibrous structure after the fabrication according 
to this invention will be explained more in details with 
reference to the drawings. 

[0056] Fig. 4 is a schematic view illustrating an 
example of a precursor for manufacturing a spherical 
porous fibrous structure according to this invention. The 
drawing shows a precursor in which a fiber bundle 5 
containing wet heat bonding fibers of uniform length is 
constrained by another fiber 7 at a position 6 for bisect- 
ing the bundle. 

[0057] Fig. 5 is a partially cut away schematic cross 
sectional view for a spherical porous fibrous structure 
obtained from the precursor shown in Fig. 4. The fibrous 
structure has a dense structure at a central portion 8 
with the movement of the fibers being constrained, from 
which cellular cavities 9 are radially formed therefrom 
while being gradually enlarged toward the surface of the 
fibrous structure. A portion of the cellular cavities opens 
at the surface. Other portion of the fibrous structure has 
a fibrous network structure in which the fibers are 
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melted. Referring to the fibers, crimped fibers give more 
bulkiness to easily form the spherical shape. If the 
amount of the fiber is small, the structure tends to 
become not a spherical but a disk-like shape. As the 
length of the fiber bundle increases, more fibers are 
required. 

[0058] Fig. 6 is a schematic view illustrating an 
example of a precursor of a columnar porous fibrous 
structure according to this invention. This example is 
prepared by a known flange method as a method of 
forming piles or mops of dusters, which is a fiber bundle 
comprising a plurality of fiber bundles 5 constrained by 
knitting with another fibers 7. 

[0059] Fig. 7 is a partially cut away schematic cross 
sectional view for a columnar porous fibrous structure 
obtained from the fiber bundle shown in Fig. 6. 
[0060] In the inner structure of the porous fibrous 
structure, dense portions of fibers formed by constrain- 
ing of the fiber bundles are linearly arranged at the 
center, and cellular cavities 9 are formed being gradu- 
ally enlarged substantially in the circumferential direc- 
tion along a circular cross section at a right angle 
relative to center line. It is considered that the structure 
is obtained by the formation of the cellular cavities at the 
inside of the unitary fiber bundles. Other portions of the 
fibrous structure have the same network-structure as 
that shown in Fig. 5. 

[0061] Fig. 8 is a schematic view illustrating an 
example of a precursor for manufacturing a sheet-like 
porous fibrous structure according to this invention. The 
drawing shows a cross sectional structure of a cut pile 
sheet fabric formed by constraining the fiber bundles 5 
with base yarns 1 0. Fig. 9 is a schematic cross sectional 
view of a sheet-like porous fibrous structure obtained 
from the sheet fabric shown in Fig. 8. Fibers are 
arranged densely on the plane of the base yarn portion, 
and the cellular cavities are formed while being gradu- 
ally enlarged substantially linearly from the dense por- 
tion to the surface of the porous fibrous layer. It is 
considered that the formation of gradually enlarged cav- 
ity structure depends on the gradual change in freedom 
of erected fibers from base yarn part to tip of the fiber 
bundles. 

[0062] Fig. 1 0 is a schematic enlarged view illustrat- 
ing the network structure of natural sponge. The sponge 
comprises fibrous skeleton 1 1 and has cellular cavities 
at the inside of the sponge. Most of the fibrous skele- 
tons have a pentagonal network-like structure. 
[0063] Fig. 11 is an enlarged model view illustrating 
the structure of the porous fibrous structure according 
to this invention. The drawing shows a state in which the 
wet heat bonding fibers 12 in the portions other than the 
cellular cavities are melted and bonded to each other at 
a plurality of points of contacts and point of intersec- 
tions. When Fig. 1 0 and Fig. 1 1 are compared, it is con- 
sidered that the porous fibrous structure according to 
this invention has no distinct pentagonal structure but 
has a fibrous skeleton similar therewith, and this shows 



a sponge-like form since it also has cellular cavities dis- 
posed with the directionality in the structure. 
[0064] Further, one of the features of the porous 
fibrous structure according to this invention is that the 
5 structure is not shaped by blowing or charging short fib- 
ers at random but portions of the short fibers have con- 
strained portions and, accordingly, the fibers scarcely 
fall away from the surface and from inside of the prod- 
uct. 

w [0065] When the porous fibrous structure according 
to this invention and sponge are compared in view of the 
property, the density of sponge is from 0.01 to 0.04 
g/cm 3 whereas the density of the porous fibrous struc- 
ture according to this invention is from 0.06 to 0.15 

15 g/cm 3 , which is higher by about 10 times. This is 
because a high density portions of the fibers are 
present in the porous fibrous structure according to this 
invention and, when compared at the cellular cavity con- 
taining layer, the density is similar with that of sponge. 

20 [0066] Then, modified embodiments of the multi- 
layer composite containing the porous fibrous structure 
according to this invention is to be explained. 
[0067] The porous fibrous structure according to 
this invention can be formed into a porous fibrous multi- 

25 layer composite by lamination with a support layer. The 
porous fibrous multi-layer composite comprises at least 
one support layer and a fibrous layer containing a plural- 
ity of indefinite cellular cavities joined with the support 
layer (hereinafter referred to as the present porous 

30 fibrous layer). One of the embodiments is a porous 
fibrous multi-layer composite in which the present 
porous fibrous layer is laminated on one surface or both 
surfaces of one support layer. In this structure, the 
present porous fibrous layer is exposed to one surface 

35 or both surfaces of the laminate. 

[0068] Another embodiment is a porous fibrous 
multi-layer composite comprising two support layers 
and the present porous fibrous layer is present therebe- 
tween. In this structure, the present porous fibrous layer 

40 is present between the support layers and is not 
exposed to the surface. Such a structures can be accu- 
mulated overlaid to a multi-layered form. 
[0069] The support layer referred to in this invention 
is a layer not substantially having cellular cavities which 

45 is substantially dense and less deformable layer. Such a 
layer can include, for example, a fibrous layer, a film, a 
sheet and a foamed layer. The fibrous layer can include 
knitted or woven fabrics, various kinds of non-woven 
fabrics and network-like products. The film, sheet and 

so foamed material are molded from various kinds of res- 
ins and the thickness and the surface fabrication there- 
for are optionally selected depending on the purpose. 
The support layer and the present porous fibrous layer 
can be joined by weaving or knitting, bonding, fusion 

55 and mechanical entanglement such as needle punch- 
ing. 

[0070] A structure of a porous fibrous multi-layer 
composite having cellular cavities according to this 
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invention is to be explained specifically with reference to 
the drawings. 

[0071] Fig. 12 shows a schematic cross sectional 
view of a porous fibrous multi-layer composite having a 
porous fibrous layer on the surface of a support layer as 5 
an example of a porous fibrous multi-layer composite 
according to this invention. While this cross sectional 
views shows a structure obtained by a tubular knitted 
fabric, the structure of the support layer is not restricted 
only thereto. 10 
[0072] In Fig. 12, a plurality of fibers 1 fixed to a 
support layer 13 are entangled at random to form the 
present porous fibrous layer, which has indefinite cellu- 
lar cavities 9 in the inside. The plurality of fibers 1 con- 
tain wet heat boonding fibers, and the fibers are melted 15 
at intersections in the cellular cavities to form inner wall 
surfaces of the cellular cavities. Further, the present 
porous fibrous layer is bonded with wet heat bonding 
fibers. 

[0073] Fig. 13 shows another example of the 20 
porous fibrous multi-layer composite according to this 
invention and a porous fibrous multi-layer composite 
having two porous fibrous layers on both surfaces of a 
support layer is shown in a schematic cross sectional 
view. This structure is also obtained from tubular knitted 25 
fabric but structure of the support layer is not restricted 
only thereto. 

[0074] In Fig. 13, a plurality of fibers 1 fixed to the 
support layer 13 are entangled at random to form the 
present porous fibrous layer, which has a plurality of 30 
indefinite cellular cavities 9 in the inside. The plurality of 
fibers 1 contain wet heat bonding fibers and the fibers 
are melted at the intersections in the cellular cavities to 
form the inner wall surface of the cellular cavities. 
[0075] Fig. 14 shows a further example of the 35 
porous fibrous multi-layer composite according to this 
invention, and illustrates a schematic cross sectional 
view of a porous fibrous multi-layer composite having 
the present porous fibrous layer put between two sup- 
port layers. While this example is obtained from circular 40 
knitted fabric, the structure of the support layer is not 
restricted only thereto. 

[0076] In Fig. 1 4, the present porous fibrous layer is 
formed by entanglement of a plurality of fibers 1 
between a support layer 13 and a support layer 13', in 45 
which a plurality of cellular cavities 3 are present. When 
the plane of the fibrous layer is observed along the 
boundary between the support layer 1 or 1' and the 
fibrous layer, portions of the cellular cavities in commu- 
nication with each other in the plane are observed and it 50 
is recognized that the cellular cavities include those 
being present independently or those of a continuous 
shape. 

[0077] It is not always necessary that the material 
for the support layer 1 and the support layer 1 1 are iden- 55 
tical in view of the fiber composition or the material but 
they may be made of different materials. 
[0078] The porous fibrous multi-layer composite 



according to this invention can be manufactured by var- 
ious kinds of methods. Regarding knitting methods, sin- 
gle circular knitted fabrics, interlock circular knitted 
fabrics, tricot knitted fabrics, raschel knitted fabrics, 
double raschel knitted fabrics, multiple woven fabrics 
and laminated non-woven fabrics may be used. As an 
example, description is to be made to a process for pro- 
ducing the porous fibrous multi-layer composite accord- 
ing to this invention by using a circular knitted as a 
corrugated fabrics capable of ensuring thickness due to 
the long connecting yarns among interlock circular knit- 
ted fabrics. 

[0079] The corrugated knitting fabrics can be 
obtained by using a double knitting machine of 30 inch 
diameter and 20 gauge. As an example, they are 
obtained by knitting in interlock tuck stitch using the wet 
heat bonding fibers are used as connecting yarns and 
the laminate is knitted by both tack pattern and knitting 
the side for the cylinder and the dial only with the poly- 
ethylene terephthalate fibers. Proper change of the knit- 
ting machine gauge can constitute one of factors for 
adjusting the thickness of the fibrous layer and control- 
ling the size of the cellular cavities. 
[0080] Further, in this invention, the multi-layer 
composite can be obtained also by forming a melted 
dense layer to a porous fibrous structure. Such a lami- 
nate has smooth surface and an air permeable layer 
can be formed by controlling the degree of the fusion. 
Further, it is possible to control the sound proofness and 
heat insulation as a feature of the porous fibrous struc- 
ture by forming the melted dense layer. 
[0081] In the method of forming the dense fiber 
melted layer on the surface of the fibrous layer, the sur- 
face of the fibrous layer after the wet heat treatment 
described above is heated under pressure by usual 
method, by which the wet heat bonding fibers of the sur- 
face layer are melted and resolidified to form a dense 
layer with a smooth surface. As a continuous hot press- 
ing method, a method of heating with a hot roller at 
1 80°C is preferred. 

[0082] Such a dense fiber melted layer forms a net- 
work structure in which the wet heat bonding fibers are 
entangled and fixed at random under the observation of 
a scanning electron microscopic photograph and it has 
a layer thickness of about 100 jwm or more, preferably, 
about 300 jum or more, and has a plurality of penetrating 
fine pores. The thickness and the diameter of the fine 
pores in the dense layer can be controlled depending on 
the kind of the wet heat bonding fibers and the content 
thereof, as well as heat pressing conditions. The dense 
layer in the porous fibrous multi-layer composite accord- 
ing to this invention is a fiber entangled layer formed by 
melting the wet heat bonding fibers and melting and 
binding them with other fibers, which is smooth and has 
air permeability. 

[0083] The shape of the porous fibrous multi-layer 
composite having the dense fiber melted layer accord- 
ing to this invention may be in any optional shape. This 
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invention has a feature in the surface structure and the 
inner structure and there is no restriction on the shape 
in the appearance. The structure of the fibrous multi- 
layer composite according to this invention is to be 
explained in details with reference to the drawings. 5 
[0084] Fig. 15 is a schematic cross sectional view 
illustrating an example of a sheet-like porous fibrous 
multi-layer composite having a dense fiber melted layer 
according to this invention. In a porous fibrous layer 14, 
fibers are arranged at random, and most of cellular cav- 10 
ities 9 formed in the fibrous layer are indefinite in the 
shape. A dense fiber melted layer 15 is present on one 
surface of the fibrous layer 14. 

[0085] Fig. 16 is a schematic cross sectional view 
illustrating another example of a sheet-like porous 15 
fibrous multi-layer composite having a dense fiber 
melted layer according to this invention. In the porous 
fibrous layer 14, fibers are arranged substantially in par- 
allel with the plane of the fibrous layer and most of the 
cellular cavities 9 formed in the fibrous layer also have a 20 
shape along the plane of the fibrous layer. A dense fiber 
melted layer 15 is present on one surface of the fibrous 
layer 14. 

[0086] Fig. 17 is a schematic cross sectional view 
illustrating another example of a sheet-like porous 25 
fibrous multi-layer composite having a fibrous melted 
dense layer according to this invention. Fibers of the 
porous fibrous layer 14 are located vertically on the 
fibrous support layer 16, and most of the cellular cavi- 
ties 9 formed in the fibrous layer have a shape of gradu- 30 
ally enlarging from the support layer to the opposite 
surface along the fibers set vertically to the cellular cav- 
ity portions 9 formed in the fibrous layer. A fibrous 
melted dense layer 15 is present on one surface of the 
fibrous layer 14 (opposite side relative to the support 35 
layer). 

[0087] Fig. 18 is a partially cut-out schematic view 
showing another embodiment of a porous fibrous multi- 
layer composite having a dense fiber melted layer 
according to this invention. In the porous fibrous layer 40 
14, fibers are arranged cylindrically along the major 
axis, and most of cellular cavities 9 formed in the fibrous 
layer have a shape arranged in the longitudinal direction 
along the fibers arranged on the cellular cavity portions 
formed in the fibrous layer. A dense fiber melted layer 45 
15 is present on the outer surface of the columnar 
fibrous layer 14. 

[0088] Fig. 19 is an enlarged cross sectional view 
illustrating the structure of a dense fiber melted layer 
according to this invention. In the dense fiber melted 50 
layer 15, fibers 17 other than the wet heat bonding fib- 
ers, for example, polyester fibers are covered with a 
molten polymer layer 18 in which the wet heat bonding 
fibers are melted and they have fine connection pores 
19 between them. 55 
[0089] A process for producing a porous fibrous 
multi-layer composite having a typical fiber melted layer 
is to be explained. 



[0090] As an example of manufacturing a sheet- like 
porous fibrous multi-layer composite, a method starting 
from a moquette fabric as a precursor can be men- 
tioned. A dense fiber melted layer is formed on the sur- 
face of a moquette fabric by weaving wet heat bonding 
fibers as cut pile yarns, immersing the surface of the 
thus obtained moquette fabric with water, irradiating 
microwaves and heating while causing bubbles from the 
inside of the moquette fabric to form cellular cavities 
and then heat press bonding them with a hot cylinder. 
Further, it is possible to adopt a method of heat press 
bonding with a hot cylinder to the surface of a moquette 
fabric to form a dense fiber fused layer, then irradiating 
microwaves while immersing the moquette fabric with 
water and heating while generating bubbles from the 
inside of the moquette fabric. In this method, a fibrous 
composite structure comprising a dense fiber melted 
layer and a fibrous layer not having cellular cavities is 
obtained as an intermediate product. While the interme- 
diate product has no cellular cavities, it can be used as 
a product for different purpose. 

[0091] The sheet-like porous fibrous multi-layer 
composite can be used in the same manner also by 
using a fiber web comprising usual long fibers or short 
fibers in addition to the use of the moquette fabric 
described above. Further, the fiber web may be of a ran- 
dom fiber arrangement or a fiber arrangement substan- 
tially in parallel with the fiber web plane. Depending on 
the arrangement of the fibers, the cellular cavities 
formed in the fibrous layer tends to form a irregular 
shape or a shape along the plane of the fibrous layer. 
[0092] Further, as another example of a process for 
producing the porous fibrous multi-layer composite, a 
columnar multi-layer composite as shown in Fig. 18 can 
be obtained by passing a fiber bundle of about 1 00,000 
denier containing wet heat bonding fibers while in con- 
tact with the inner wall of a hollow heater. The pressure 
of contact can be controlled by restricting the diameter 
of the hollow heater. This method can form a dense fiber 
melted layer at the surface. Then, the fiber bundle is 
immersed in a water-filled vessel continuously as it is or 
being cut into a desired length, and heated under gen- 
eration of bubbles from the fiber bundle by the irradia- 
tion of microwaves to form cellular cavities in the inside. 
An identical product can also be obtained by the method 
with procedures being reversed to the above. 
[0093] The porous fibrous structure according to 
this invention can be used, by utilizing its porosity, to 
applications with a purpose of adsorbing and discharg- 
ing liquids, sound absorption, heat insulation, cushion- 
ing and filtration. Specifically, this can be used in 
industrial applications such as draining materials, wip- 
ers, paint rollers, ink absorbents, curing sheets, air fil- 
ters and liquid filters; various kinds of absorbents, 
sanitary materials and filter materials for medical uses, 
substrates for carpets, substrate for mattresses, sub- 
strates for chairs, wall coating materials, substrates for 
artificial leathers, waddings for mattresses, wrapping 
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materials and brushes for daily necessaries. 
[0094] Particularly, the porous fibrous structure 
according to this invention is effectively used for clean- 
ing materials. 

[0095] The fibrous shaping products for cleaning 
materials according to this invention can be used as 
articles of spherical, cylindrical, stick-like, plate-like or 
like other arbitrary indefinite three dimensional shapes. 
[0096] The porous fibrous structures as mentioned 
above are not restricted to their size. For example, 
spherical shaped products which are used cleaning 
appliances for inside of the tubes preferably have 2 to 
10mm diameter. 

[0097] The fibers constituting the fibrous layer may 
be of a uniform composition or a mixture of several 
kinds of fibers. In a case of the mixture, the melted fiber 
portion has a complicate structure, which is suitable to 
the control of porous structure, water absorption or feel- 
ing. The condition for the fibers to be mixed or controlled 
includes blending ratio, denier, cut length and absence 
or presence of crimping and elongation rate of the wet 
heat bonding fibers. A mixture of fibers different in one 
or more of the conditions may be used integrally or as a 
composite layer changing the conditions between a plu- 
rality of layers. 

[0098] Referring to an example by a slab system for 
obtaining a fibrous shaped product for cleaning materi- 
als of a porous fibrous structure of uniform constitution 
according to this invention, a fibrous shaped product 
can be obtained by mixing 50% wet heat bonding cut 
fibers and 50% polyethylene terephthalate wadding, 
and applying carding to obtain a card sliver and then 
charging the same into a cylindrical or rectangular ves- 
sel, introducing water into the vessel, impregnating suf- 
ficient amount of water into the sliver and then applying 
a heat treatment to them by the method described 
above. 

[0099] The density of the fiber shaped product can 
be controlled by the kind and the amount of the fiber to 
be charged or the amount of fibers and the amount of 
water. 

[0100] The shaped product just after formation can 
be used in the shape as it is for the cleaning material, 
but the appearance and the quality can be determined 
by press cutting into a predetermined size or shape. 
Further, for controlling the smoothless or the density of 
the cut face, the product may be treated again in boiling 
water. 

[0101] Further, as a form of the wet heat bonding 
fibers, a shaped product can also be obtained by intro- 
ducing the filaments, in addition to the cut fiber, into a 
vessel by using an appropriate filling device and apply- 
ing the treatments as described above. 
[0102] Then, a manufacturing method of a slab sys- 
tem for obtaining fiber shaping product for cleaning 
materials having a fibrous structure of a plurality of lay- 
ers is to be explained. 

[0103] A card sliver obtained by carding 1 00% wet 



heat bonding fibers and card sliver obtained by mixing 
60% of wet heat bonding fibers of a larger fiber denier 
than the former wet heat bonding fibers in the single 
fiber denier and 40% of polyethylene terephthalate of a 

5 large denier are prepared and then, they are carded 
together. They were charged so as to be laminated into 
the vessel described above. In this case, each of the 
slivers may be charged alternately or laminated in an 
irregular manner. Alternatively, they may be adjacent 

io with each other. In this manner, a porous fibrous struc- 
ture having different fibrous layers, which is unable to 
make by fiber mixing can be obtained. After charging 
the fibers in the vessel, a wet heat treatment is applied 
in the same manner as described above to obtain an 

75 aimed shaping product. 

Example 

[0104] This invention is to be explained with refer- 
20 ence to examples but the invention is not restricted to 
them. 

Example 1 

25 Manufacturing method of fibers 

[0105] Core/sheath composite staple fibers each of 
3 denier and cut length of 51 mm were obtained by 
using polyethylene terephthalate (having an intrinsic 

30 viscosity of 0.68 measured at 30°C in an equi-weight liq- 
uid mixture of phenol/tetrachloro ethane) containing 3% 
by weight of fine silica particles as a core polymer and 
using an ethylene - vinyl alcohol copolymer as a sheath 
polymer with an ethylene content of 40 mol% and Ml = 

35 10 and by way of spinning, stretching and crimping 
steps. 

Manufacture of needle punched non-woven fabric 

40 [0106] A needle punched non-woven fabric with 
punching density of 130 cycles/cm 2 , weight of 150 g/m 2 
and 3 mm thickness was obtained by using 40% 
core/sheath composite staple fibers described above 
and 60% polyethylene terephthalate staple fibers hav- 

45 ing 3 denier and 51 mm cut length. 

Manufacture of non-woven fabric having cellular cavities 

[0107] The needle punched non-woven fabric 
so described above was thoroughly impregnated with 
water at a ordinary temperature, kept in boiling water at 
1 00°C, and applied with wet heat treatment for 30 sec- 
onds while being retained by with a net such that the 
n on -woven fabric was kept in water. After the treatment, 
55 the non-woven fabric was taken out and immersed in 
cooling water at ordinary temperature to be cooled and 
settled. Then, after centrifugal dewatering, it was dried 
at a dry heat of 1 1 0°C. 
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[0108] In the cross section of the thus obtained non- 
woven fabric, fiber bundle penetrating in the direction of 
the thickness are distributed substantially uniformly as 
the needling traces, and a plurality of large cavities each 
of 1 mm to 5 mm could be confirmed between the fiber 5 
bundles. On the other hand, when the surface of the 
no n -woven fabric was sliced to observe the state in the 
inside, indefinite cellular cavities were present and cav- 
ities present independently and cellular cavities con- 
nected partially were could also be confirmed. 

Example 2 

[0109] A first layer web was prepared by using 40% 
core/sheath composite staple fibers and 60% polyethyl- 
ene terephthalate staple fibers having 3 denier and 51 
mm cut length as used in Example 1, and a web of a 
second layer was prepared by using 1 00% raw wadding 
of polyethylene terephthalate stable fibers with 3 denier 
and 51 mm cut length. They were laminated to obtain a 
needle punched non-woven fabric having punching 
density of 160 cycle/cm 2 , weight of 250 g/m 2 and 10 
mm thickness. 

[0110] Subsequently, in the same manner as in 
Example 1, the non-woven fabric was kept in boiling 
water at 100°C, then charged in cooling water and set- 
tled and, after centrifugal dewatering, applied with hot 
blow drying at a dry heat of 1 1 0°C. 
[0111] In the thus obtained non-woven fabric, a plu- 
rality of cellular cavities could be confirmed in the same 
manner as in Example 1 in the cross section of the first 
layer with the interface to the second layer as a bound- 
ary. On the other hand, In the second layer consisting 
only of the polyethylene terephthalate staple fibers, 2- 
dimensional entanglement of wadding at high density 
due to the shrinkage of the fibers by boiling water could 
be recognized. As described above, a non-woven fabric 
having an asymmetric cross sectional structure could 
be obtained. 

Example 3 

[0112] A thin web was manufactured by a card by 
mixing 40% core/sheath composite staple fibers as 
used in Example 1, 55% raw wadding of polyethylene 
terephthalate staple fibers having 3 denier and 51 mm 
cut-length and 5% binder fiber containing a low melting 
polyester having a melting temperature of 120°C at a 
dry heat. They were laminated and placed between 
nets, and the webs were temporarily adhered to each 
other using a hot air blow at 130°C at which the low 
melting polyester is melted, to obtain a block form lami- 
nated structure with a weight of 800 g/m 2 . 
[0113] The thus obtained block form laminated 
structure was kept in boiling water at 100°C, immersed 
in cooling water to be cooled and settled and, after 
dewatering with an air blow, it was dried by hot blow at a 
dry heat of 1 1 0°C in the same manner as in Example 1 . 



[0114] In the cross section of the thus obtained 
block form laminated structure, elongate cellular cavi- 
ties were present intermittently along the interface of the 
laminate and indefinite independently or partially con- 
nected cellular cavities could be confirmed in the direc- 
tion of the plane. 

Example 4 

[0115] The block form laminate as used in Example 
3 was kept in water to about 1/2 height of the thickness, 
to which microwaves at 2450 MHz were irradiated for 3 
minutes to boil water impregnated into the block form 
laminated structure and then the laminated structure 
was kept in water at a ordinary temperature for cooling. 
[0116] In the cross section of the thus obtained 
block form laminated structure, identical cellular cavities 
with those in Example 3 were present only in the water 
immersed portion, while the portion out of water had a 
melted entangled fiber structure. That is, this block form 
laminated structure was of an asymmetric structure. 

Example 5 

Manufacturing method of fibers 

[01 1 7] Core/sheath composite fibers were obtained 
by using polyethylene terephthalate (having an intrinsic 
viscosity of 0.68 measured at 30°C in an equi-weight liq- 
uid mixture of phenol/tetrachloro ethane) containing 3% 
by weight of fine silica particles as a core polymer and 
using an ethylene - vinyl alcohol copolymer with an eth- 
ylene content of 40 mol% and Ml = 10 as a sheath pol- 
ymer (core/sheath ratio = 50/50, 150 denier/48 
filament). 

[01 1 8] The fibers were applied with false twisting at 
a number of twist of 2350 T/M, a temperature of a first 
heater of 120°C and temperature of a second heater of 
1 35°C, to obtain false twist yarns with a crimping exten- 
sion of 17%. 

[0119] Then, the false twist yarns were gathered 
into a gathered bundle of 10,000 denier, which was cut 
into 5 cm length. The cut fiber bundle was tightly tied by 
the wet heat bonding twist yarn at the position for 
equally dividing the length to obtain constrained fiber 
bundles with free ends. 

[0120] After charging the fiber bundles and a suffi- 
cient amount of water at ordinary temperature to allow 
them to be kept into a cylindrical vessel capable of con- 
taining liquid and applying a heat treatment for about 
one minute in a state of evolving bubbles by the irradia- 
tion of high frequency microwaves of 1 KW at 2450 
MHz, the shaped product was cooled by using cold 
water and then centrifugally dewater to obtain a spheri- 
cal porous fibrous structure. The obtained porous 
fibrous structure had a density of 0.11 g/cm 3 and it 
could be confirmed to be a porous structure in view of 
the surface. Further, in view of the cross section, it could 
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be confirmed that the structure had a hard portion hav- 
ing a high density at the central portion, cellular cavities 
were arranged radially toward the surface and, further, 
the size of the cavity was increased toward the surface. 

Example 6 

[0121] After joining 1 00 false twist yarns of wet heat 
bonding fibers with 150 denier used in Example 5 to 
increase to 15,000 denier, flange fabrication was 
applied to a cut length of 3 mm. The flange fabricated 
precursor and water were charged into a rectangular 
vessel capable of containing liquid and, when heated 
under the irradiation of high frequency microwaves in 
the same manner as in Example 5, bubbles evolved vio- 
lently from the fiber bundles and crimping of the yarns 
was developed to obtain a spongy columnar porous 
fibrous structure. 

[0122] The thus obtained porous fibrous structure 
had a density of 0.15 g/cm 3 and was of an inner struc- 
ture having cellular cavities gradually enlarging toward 
the surface. It was soft in touch and showed excellent 
bubbling upon contact with a detergent. 

Example 7 

[0123] Two false twist yarns used in Example 5 
were joined into a fiber bundle of 300 denier (cut pile) 
and a circular knit boa was knitted using this fiber bun- 
dle and the polyester false twist yarn of 150 denier as a 
base yarn. 

[0124] The knitted fabric described above was cut 
into a circular shape of 10 cm diameter, which was 
placed in a cylindrical vessel and then a sufficient 
amount of water to allow the fabric to be immersed 
therein was poured and high frequency microwaves 
were irradiated. 

[0125] By the heating under the irradiation of the 
high frequency microwaves, bubbles evolved violently 
from the cut pile portion of the knitted fabric and the cut 
pile yarns were crimped to form a porous structure. 
[0126] After dipping the structure into cold water to 
settle the shape, it was centrif ugally dewatered to obtain 
a sheet-like porous fibrous structure. In the thus 
obtained sheet-like porous fibrous structure, when the 
base yarn portions were separated by cutting from the 
cut pile portion and the density of the cut pile portion 
was measured, it was 0.09 g/cm 3 and the size of the 
cellular cavities was increased from the base yarn por- 
tion toward the surface. 

Example 8 

Manufacture of circular corrugated knitted fabric 

[0127] A double knitting machine of 31 inches, 20 
gauge was set so as to provide a knitting pattern shown 
in Fig. 20, and false twist yarns used in Example 5 were 



fed to feeders No. F1 and F4 and 48 filament polyethyl- 
ene terephthalate false twist yarns of 150 denier were 
supplied to feeders Nos. F2, F3, F5 and F6 to obtain a 
circular knitted corrugated fabric of 6 mm thickness and 
1180 g/m 2 of weight. 

Manufacture of porous fibrous multi-layer composite 

[0128] The tubular corrugated knitted fabric 
described above was thoroughly impregnated with 
water at a ordinary temperature and kept in boiling 
water at 1 00°C and then applied with a wet heat treat- 
ment for 30 seconds while being kept by nets in the 
water. After the treatment, the knitted fabric was taken 
out and dipped in cooling water at a ordinary tempera- 
ture for cooling and settling. Then, after centrifugal 
dewatering, it was dried at a dry heat of 1 1 0°C. 
[0129] In the cross section of the obtained knitted 
fabric, fiber bundles connected in the direction of the 
thickness formed a sponge layer and a number of indef- 
inite cellular cavities with a major diameter of about 1 
mm to 5 mm could be confirmed. 
[0130] On the other hand, when the inner plane 
state of the knitted fabric was observed by slicing near 
the boundary between one side and the sponge layer of 
the knitted fabric, it could be confirmed that a plurality of 
fine cellular cavities like coral reef were present 
although they were of an indefinite shaped. 
[0131] The thus obtained porous fibrous multi-layer 
composite did not sink but float when pored into water 
and the porous fibrous multi-layer composite was sof- 
tened when absorbing a great amount of water. 

Example 9 

Manufacture of fleecy knitted fabric 

[0132] A sinker pile knitted fabric with 790 g/m 2 of 
weight was obtained by knitting the core/sheath com- 
posite filament false twist yarns used in Example 5 as 
pile yarns and 48 filament polyethylene terephthalate 
false twist yarns of 150 denier as base yarns by using a 
sinker pile knitting machine of 30 inches, 20 gauge, 2.7 
mm sinker length. 

[0133] After scraping out the pile yarns from the 
both surfaces on the pile side and the counter pile side 
of the thus obtained sinker pile knitted fabric by using a 
raising machine, a shearing treatment was applied to 
obtain a fleecy knitted fabric. 

Manufacture of porous fibrous multi-layer composite 

[0134] The fleecy knitted fabric described above 
was immersed thoroughly in water at a ordinary temper- 
ature and then kept into boiling water at 100°C and 
applied with a wet heat treatment for 30 seconds while 
the knitted fabric was kept in water. After the treatment, 
the knitted fabric was taken out and dipped in cooling 
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water at a ordinary temperature for cooling and settling. 
Then, after centrifugal dewatering, it was dried at a dry 
heat of 1 1 0°C. 

[0135] In the cross section of the thus obtained knit- 
ted fabric, fiber bundles which were pile yarns before 
the hot water treatment formed a sponge layer and a 
number of indefinite cellular cavities with the major 
diameter of about 1 mm to 5 mm could be confirmed. 
[0136] On the other hand, when the plane state in 
the inside was observed by slicing the knitted fabric 
near the surface, it could be confirmed that a plurality of 
fine cellular cavities were present like coral reef 
although they were indefinite in the shape as in Exam- 
ple 8. 

[0137] In the same manner as in Example 8, the 
thus obtained porous fibrous multi-layer composite did 
not sink but float when poured into water and, further, 
the porous fibrous multi-layer composite was softened 
when adsorbing the sufficient amount of water. 

Example 10 

Manufacture of laminated needle punched non-woven 
fabric 

[0138] A card web comprising 40% core/sheath 
composite staple fibers used in Example 1 and 60% pol- 
yethylene terephthalate staple fiber with 3 denier and 51 
mm cut length, and a polyester spun bond non-woven 
fabric were laminated to form a composite structure by 
needling, to obtain a laminated needle punched non- 
woven fabric with 600 g/m 2 of weight and 5 mm thick- 
ness. 

Manufacture of porous fibrous multi-layer composite 

[0139] The laminated needle punched non-woven 
fabric described above was immersed thoroughly in 
water at a ordinary temperature and then kept into boil- 
ing water at 1 00°C and applied with a wet heat treat- 
ment for 30 seconds while the knitted fabric was kept in 
water by nets. After the treatment, the laminated needle 
punched non-woven fabric was taken out and dipped in 
cooling water at- a ordinary temperature for cooling and 
settling. Then, after centrifugal dewatering, it was dried 
at a dry heat of 1 1 0°C. 

[0140] In the cross section of the thus obtained lam- 
inated needle punched non-woven fabric, fiber bundles 
penetrating through and connecting the support fibrous 
layer were distributed substantially uniformly as nee- 
dling traces, and a plurality of large cavities with the 
major diameter of about 1 mm to 5 mm could be con- 
firmed between the fiber bundles. On the other hand, 
when the plane state inside the laminated needle 
punched non-woven fabric was observed by slicing the 
surface, indefinite cellular cavities were present and 
independent cavities and partially connected cellular 
cavities could also been confirmed. 



[0141] In the same manner as in Example 8, the 
thus obtained porous fibrous multi-layer composite did 
not sink but float when poured into water and, further, 
the porous fibrous multi-layer composite was softened 
5 when adsorbing a sufficient amount of water. 

Example 1 1 

Manufacture of non-woven fabric composited by lamina- 
w tion 

[0142] A non-woven fabric with 570 g/m 2 of weight 
was obtained by needle punching a card web used in 
Example 10. Then, polyurethane foam with 70 g/m 2 of 

15 weight was fused by flame lamination to the non-woven 
fabric on the side of the polyurethane foam and 
appended therewith by adhering with one surface of the 
non-woven fabric. Further, another polyurethane foam 
with 70 g/m 2 of weight was appended to another surface 

20 of the bonded fabric in the same manner as above by 
flame lamination to obtain a laminate having poly- 
urethane foam as support layers and the non -woven 
fabric as sandwiched layer. 

25 Manufacture of porous fibrous multi-layer composite 

[0143] The fibrous multi-layer composite having the 
polyurethane foam as the support layers and the non- 
woven fabric sandwiched therein was sufficiently 

30 impregnated with water at a ordinary temperature, kept 
in boiling water at 100°C and applied with a wet heat 
treatment for 30 seconds while being kept in water. After 
the treatment, the multi-layer composite was taken out 
and dipped into cooling water at a ordinary temperature 

35 for cooling and settling. Then, after centrifugal dewater- 
ing, it was dried at dry heat of 1 1 0°C. 
[0144] In the cross section of thus obtained multi- 
layer composite, fiber bundles penetrating and connect- 
ing by needling were distributed substantially uniformly 

40 as needling traces in the non-woven fabric sandwiched 
by polyurethane foams, and a plurality of indefinite cav- 
ities with the major diameter of about 1 mm to 5 mm 
could be confirmed between the fiber bundles. Further, 
when the state of the plane in the inside was observed 

45 by slicing near the boundary between the polyurethane 
foam layer and the non-woven fabric layer, indefinite cel- 
lular cavities were present and independent cavities or 
partially connected cellular cavities could be confirmed. 

so Example 12 

[0145] A circular knitted boa was knitted by using 
cut pile yarns formed by joining two false twist yarns 
used in Example 5 into 300 denier and false twist yarns 
55 of polyethylene terephthalate with 150 denier as base 
yarns. 

[0146] The circular boa knitted fabric was cut into 
30 cm square, which was dipped being extended into 
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water and irradiated with microwaves of 1 KW at 2450 
MHz. By the irradiation of the microwaves, evolution of 
bubbles from the inside of the pile surface of the knitted 
fabric was observed. After keeping the irradiation for 
about one minute from the evolution of the bubbles, the 
knitted fabric was taken out, cooled in water and dried 
by centrifugal dewatering to obtain a fibrous structure 
having cellular cavities on the surface and in the inside. 
[0147] Then, the fibrous structure was heat press 
bonded using a calender roll at a press bonding temper- 
ature of 180 °C and under a roll linear pressure of 5 
kg/cm. The thus obtained fibrous multi-layer composite 
had a smooth and dense surface layer, in which a 
fibrous layer having cellular cavities was formed adja- 
cent to the lower surface of the dense layer. 

Example 13 

[0148] Core/sheath composite staple fibers with 3 
denier, 64 mm cut length and 7% crimping extension 
were obtained by using identical conjugated fibers with 
those used in Example 5. 1 00% of core/sheath compos- 
ite staple fibers thus obtained were carded to obtain a 
needle punched non-woven fabric with 90/cm 2 of nee- 
dle punching density, 10 mm thickness and 300 g/m 2 of 
weight. 

[0149] The needle punched non-woven fabric was 
thoroughly impregnated with water at a ordinary tem- 
perature and microwaves of 1 KW at 2450 MHz were 
irradiated while the non-woven fabric was kept in water 
by nets. Irradiation was continued for two minutes after 
confirming the evolution of bubbles from the non-woven 
fabric. After treatment, the non-woven fabric was taken 
out and dipped in cooling water at a ordinary tempera- 
ture for cooling and settling. Then, after centrifugal 
dewatering, it was dried at a dry heat of 1 1 0°C. 
[0150] In the cross section of the thus obtained non- 
woven fabric, fiber bundles penetrating in the direction 
of the thickness were distributed substantially uniformly 
as needling traces and a number of large cellular cavi- 
ties of 1 mm to 5 mm were confirmed between the fiber 
bundles. On the other hand, when the inner state of the 
no n -woven fabric was observed by slicing the surface 
thereof, indefinite cellular cavities were present, and 
independent cavities and partially connected cellular 
cavities could also be confirmed. 
[0151] Then, both surfaces of the non-woven fabric 
were introduced to a calender roll and the both surfaces 
were heat press bonded at 180°C. A fibrous multi-layer 
composite in which smooth and dense surface layers 
were formed on both surfaces and a fibrous layer having 
the cellular cavities was formed in the inner layer adja- 
cent to the surface was obtained. 

Example 14 

[0152] Using the circular knitted boa in Example 12, 
a dense fiber melted layer was formed prior to the irradi- 



ation of microwaves. That is, the surface of the circular 
knitted boa was heat press bonded using a calender roll 
at a bonding temperature of 180°C and a roll linear 
pressure of 5 kg/cm. 

5 [0153] The obtained fibrous structure had a dense 
layer with smooth surface. The fibrous structure was 
dipped in water and irradiated with microwaves with 1 
KW at 2450 MHz. Evolution of bubbles from the inside 
of the pile surface of the knitted fabric by the irradiation 

w of microwaves was observed. After continuing irradia- 
tion for about one minute from the evolution of the bub- 
bles, the structure was taken out and cooled in water, 
dried by centrifugal dewatering to recognize that a 
fibrous layer having cellular cavities was formed 

15 between the dense fiber melted layer and the support 
layer. 

Example 15 

20 [0154] The false twist yarns used in Example 5 
were bundled into a tow and cut to 64 mm length to 
obtain crimped staple fibers. 

Manufacture of shaping product 

25 

[0155] The carded crimped staple fibers described 
above were charged into a rectangular shaping mold 
capable of penetrating liquid, sufficiently impregnated 
with water at a ordinary temperature, heated by a high 

30 frequency microwave device and applied with a heat 
treatment for about one minute from the evolution of 
bubbles. Then, the shaped product was cooled by cold 
water and then centrifugally dewatered to obtain rectan- 
gular fibrous shaped product for use in cleaning mate- 

35 rial. The shaped product had an apparent density of 
0.07 g/cm 3 and a dry compression ratio of 22%. 
[0156] When the fibrous shaped product for use in 
the cleaning materials in this embodiment was used, 
foaming with soap and synthetic detergent were favora- 

40 ble like that commercially available sponge and droplets 
after cleaning could be wiped off like that with cotton 
products. 

Comparative Example 1 

45 

[0157] A needle punched non-woven fabric at a 
punching density of 150/cm 2 , 200 g/m 2 of weight and 5 
mm thickness was obtained by using 70% core/sheath 
composite staple fibers used in Example 1 and 30% pol- 
50 yethylene terephthalate staple fibers with 3 denier and 
51 mm cut length. 

[0158] The needle punched non-woven fabric was 
sufficiently impregnated with water at a ordinary tem- 
perature and then kept into hot water at 90°C and 
55 applied with a wet heat treatment for 30 seconds while 
being kept in water by nets. After the treatment, the non- 
woven fabric was taken out and dipped in cooling water 
at a ordinary temperature for cooling and settling. Then, 
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after centrifugal dewatering, it was dried at a dry heat of 
110°C. 

[0159] The resultant non-woven fabric was poor in 
the entanglement between the fibers and presence of 
the cellular cavities could not be recognized in the cross 
section. 

Comparative Example 2 

[0160] A needle punched non-woven fabric at a 
punching density of 150/cm 2 , 220 g/m 2 of weight and 5 
mm thickness was obtained by using a web comprising 
70% raw wadding of polyethylene terephthalate staple 
fibers with 3 denier and 51 mm cut length and 30% 
binder fibers with 6 denier and 64 mm cut length of a 
melting point lower than the polyethylene terephthalate 
fibers (melting point 120°C). 

[0161] The needle punched non-woven fabric 
described above was sufficiently impregnated with 
water at a ordinary temperature and then dipped into 
hot water at 1 00°C and applied with a wet heat treat- 
ment for 30 seconds while being kept in water by nets. 
After the treatment, the non-woven fabric was taken out 
and dipped in cooling water at a ordinary temperature 
for cooling settling. Then, after centrifugal dewatering, it 
was dried at a dry heat of 1 1 0°C. 
[0162] The obtained non-woven fabric was poor in 
the entanglement between the fibers and the presence 
of the cellular cavities could not be recognized in the 
cross section. 

Comparative Example 3 

[0163] A needle punched non-woven fabric at a 
punching density of 130/cm 2 , 150 g/m 2 of weight and 3 
mm thickness was obtained by using 40% core/sheath 
composite staple fibers used in Example 1 and 60% pol- 
yethylene terephthalate staple fibers with 3 denier, 51 
mm cut length. 

[0164] The non-woven fabric described above was 
applied with a dry heat treatment for two minutes at a 
temperature of 174°C higher by 10°C than the melting 
point of the polymer forming the sheath portion of the 
core/sheath composite staple fibers. 
[0165] The thus obtained non-woven fabric was 
hard in feeling and gave stiffness and the presence of 
cellular cavities was not recognized in the cross section, 
only showing a three dimensional entangled state. 

Comparative Example 3 

[0166] A fiber bundle of 10,000 denier was pre- 
pared by gathering 7% false twist yarns used in Exam- 
ple 5 and 93% polyethylene terephthalate false twist 
yarns with 150 denier, which was cut into 5 cm length. 
The cut product was tightly tied by the wet heat bonding 
false twist yarns described above at a position bisecting 
the length thereof, to obtain constrained fiber bundles 



with free ends. 

[0167] After placing the fiber bundles in a cylindrical 
vessel capable of containing liquid and a sufficient 
amount of water at a ordinary temperature to allow the 

5 bundles to be dipped therein and applying a heat treat- 
ment by irradiation of high frequency microwaves, the 
shaped product was cooled by cold water. The crimping 
was developed only for the false twist yarns and a 
fibrous product having the cellular cavities could not be 

10 obtained. 

Comparative Example 4 

Manufacture of circular corrugated knitted fabric 

15 

[0168] A circular knitted corrugated knitted fabric 
with 4 mm thickness and 620 g/m 2 of weight was 
obtained by knitting the knitted yarn used in Example 5 
and false twist yarns of 48 filament polyethylene tereph- 

20 thalate knitted yarns of 150 denier knitted by using a 
double knitting machine at 30 inch, 20 gauge in the 
identical knitting pattern as in Example 8 and applied 
with a heat treatment under the same conditions as 
those in Comparative Example 1. 

25 [0169] The state of the thus obtained circular corru- 
gated knitted fabric showed no change before and after 
the heat treatment and no cellular cavities could be 
found in the fibrous layer. 

30 Comparative Example 5 

[0170] Procedures were conducted by using quite 
identical circular corrugated knitted fabric with that in 
Comparative Example 4 while replacing the heat treat- 
35 ment conditions with dry heat treatment at a tempera- 
ture of tenter of 180°C. 

[0171] In the thus obtained circular corrugated knit- 
ted fabric, only the connecting yarns were adhered in a 
mono filament-like shape but neither the sponge layer 
40 nor the cellular cavities structure was formed, although 
melting was confirmed between some of the connecting 
yarns. 

Comparative Example 6 

45 

[0172] A needle punched non-woven fabric with a 
punching density of 90/cm 2 , 300 g/m 2 of weight and 10 
mm thickness was obtained by mixing and carding 6% 
core/sheath composite staple fibers used in Example 1 3 
so and 94% polyethylene terephthalate staple fibers with 3 
denier and 61 mm cut length. 

[0173] The needle punched non-woven fabric 
described above was impregnated with water, and irra- 
diated with microwaves of 1 KW at 2450 MHz. After con- 
55 firming the evolution of bubbles from the inside of the 
non-woven fabric, irradiation was continued for two min- 
utes. Then, after cooling in cold water, both surfaces of 
the non-woven fabric were introduced to a calender roll 
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and the both surfaces were heat press bonded at 
180°C. 

[0174] The non-woven fabric thus obtained was 
poor in entanglement between the fibers and the struc- 
ture of the cellular cavities could not be found. Further, 5 
formation of the dense layer was not found on the sur- 
face of the n on -woven fabric and melting and solidifica- 
tion between the fibers could not be found, while the 
fiber cross sections are deformed under pressure. 

10 

Merits of the Invention 

[0175] This invention can provide a novel fibrous 
structure having entangled structure of fibers and cellu- 
lar cavities together and having large cavities, as well as 15 
a process for producing the porous fibrous structure 
using water and heating only. 

Claims 

20 

1. A porous fibrous structure containing from 10 to 
1 00% by weight of wet heat bonding fibers, in which 
a plurality of indefinite cellular cavities are present 
independently or in a state that a plurality of them 

are connected partially in the inside of the fibrous 25 
structure, and at least a portion of the fibers consti- 
tuting the fibrous structure are heat bonded by the 
wet heat bonding fibers. 

2. A porous fibrous structure as defined in claim 1, 30 
wherein the wet heat bonding fibers are fibers in 
which an ethylene - vinyl alcohol copolymer is 
present to at least a portion at the surface of the fib- 
ers. 

35 

3. A porous fibrous structure as defined in claim 1, 
wherein the porous fibrous structure is a block form 
fibrous structure in which fibers are accumulated at 
random. 

40 

4. A porous fibrous structure as defined in claim 1, 
wherein the porous fibrous structure is a block form 
fibrous structure in which fibers are accumulated 
generally in a layerous form, and at least a portion 

of the cellular cavities is formed with the major axis 45 
thereof being along the direction of the layer. 

5. A porous fibrous structure as defined in claim 1, 
wherein the porous fibrous structure is a non- 
woven fabric comprising fibers generally accumu- so 
lated in a layerous form and at least a portion of the 
cellular cavities is formed with the major axis 
thereof being along the lateral direction in the layer 

of the non-woven fabric. 

55 

6. A porous fibrous structure as defined in claim 1, 
wherein a dense layer is present in one surface of 
the porous fibrous structure. 



7. A porous fibrous structure as defined in claim 1, 
wherein a portion where the fibers are arranged 
densely and a portion where the fibers are 
arranged coarsely are present In the porous fibrous 
structure, and the size of the cellular cavity is grad- 
ually increased from the portion where the fibers 
are arranged densely to the portion where the fib- 
ers are arranged coarsely. 

8. A spherical porous fibrous structure as defined in 
claim 7, wherein the portion in which the fibers are 
arranged densely is present at a central portion of 
the spherical porous fibrous structure. 

9. A columnar porous fibrous structure as defined in 
claim 7, wherein the portion in which the fibers are 
arranged densely is present at a center line portion 
of the columnar porous fibrous structure. 

10. A sheet-like porous fibrous structure as defined in 
claim 7, wherein the portion where the fibers are 
arranged densely is present to a plane of the 
porous fibrous structure. 

11. A porous fibrous structure as defined in claim 7, 
wherein a plurality of cellular cavities are formed 
being opened to the surface of the porous fibrous 
structure. 

12. A porous fibrous multi-layer composite comprising 
the porous fibrous structure as defined in claim 1 
and a support layer, wherein the porous fibrous 
structure is present on one surface or both surfaces 
thereof. 

1 3. A porous fibrous multi-layer composite as defined in 
claim 12, wherein the support layer is a layer 
selected from the group consisting of fibrous layer, 
film, sheet and foaming layer. 

14. A porous fibrous multi-layer composite wherein the 
support layer is present on both surfaces of the 
porous fibrous structure as defined in claim 1 . 

1 5. A porous fibrous multi-layer composite as defined in 
claim 14, wherein the support layer is a layer 
selected from the group consisting of fibrous layer, 
film, sheet and foaming layer. 

16. A porous fibrous multi-layer composite wherein an 
air permeable dense fiber melted layer comprising 
the identical fiber composition with the fibrous layer 
is present on at least one surface of the porous 
fibrous structure as defined in claim 1 . 

17. A process for producing a porous fibrous structure, 
which comprises impregnating a fibrous structure 
containing from 10 to 100% by weight of wet heat 
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bonding fibers with water, then heating the water- 
containing fibrous structure to evolve bubbles by 
boiling water in the fibrous structure, and forming a 
plurality of indefinite cavities in the inside of the 
fibrous structure and, simultaneously, heat bonding 
at least a portion of the fibers constituting the 
fibrous structure by the wet heat bonding fibers. 

18. A process for producing a porous fibrous structure 
as defined in claim 1 7, wherein the wet heat bond- 
ing fibers are fibers in which an ethylene - vinyl 
alcohol copolymer is present to at least a portion on 
the surface of the fibers. 

19. A process for producing a porous fibrous structure, 
which comprises immersing, into an aqueous layer, 
a fibrous structure containing from 10 to 100% by 
weight of wet heat bonding fibers with the content of 
the wet heat bonding fibers being lower on one sur- 
face of the fibrous structure while the content of the 
wet heat bonding fibers in other portions being 
higher and heating the water-containing fibrous 
structure thereby forming a porous fibrous structure 
having a dense layer on one surface of the fibrous 
structure and having a porous fibrous layer in con- 
tiguous with the dense layer. 

20. A process for producing a porous fibrous structure 
as defined in claim 17, wherein the water-contain- 
ing fibrous structure is heated by irradiation of high 
frequency microwaves. 

21 . A process for producing a porous fibrous multi-layer 
composite having a dense layer on one surface of 
the fibrous structure and having a porous fibrous 
layer in contiguous with the dense layer, by heating 
the water-containing fibrous structure by the irradi- 
ation of high frequency microwaves in a state where 
at least a portion of the surface layer of the water- 
containing fibrous structure is exposed to atmos- 
pheric air. 

22. A process for producing a porous fibrous structure, 
which comprises constraining a fiber bundle con- 
taining from 1 0 to 1 00% by weight of wet heat bond- 
ing fibers at an arbitrary portion thereof, 
impregnating the fiber bundle with water and then 
applying a wet heat treatment while evolving bub- 
bles in the fiber bundle and then cooling the fiber 
bundle. 

23. A process for producing a porous fibrous multi-layer 
composite, which comprises immersing a fibrous 
layer containing from 10 to 100% by weight of wet 
heat bonding fibers with water, applying a heat 
treatment thereby evolving bubbles in the fibrous 
layer to form cellular cavities and then heat press 
bonding at least one surface of the fibrous layer to 



form an air permeable dense fiber melted layer. 

24. A process for producing a porous fibrous multi-layer 
composite, which comprise heat press bonding at 

5 least one surface of a fibrous layer containing from 

10 to 100% by weight of wet heat bonding fibers 
thereby to form an air permeable dense fiber 
melted layer, then immersing the fibrous layer into 
water and applying a heat treatment thereby evolv- 

w ing bubbles in the fibrous layer to form cellular cav- 
ities. 
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Fig. 6 




20 



EP 1 094 140 A1 



Fig. 8 





21 



EP 1 094 140 A1 




Fig. 11 



EP 1 094 140 A1 



Fig- 12 




23 



EP 1 094 140 A1 



Fig. 14 




24 



EP 1 094 140 A1 



Fig. 15 

1 5 




25 



EP 1 094 140 A1 



Fig. 19 




26 



EP 1 094 140 A1 



Fig. 2 0 
Feeder No. 



i i i i m 1 1 1 1 1 1 1 1 1 1 

F3 I I I I I | | | | | | M I I I 

"TTTTTTrrrriTiTPT 




.T.T.T.T, 

F5 JJJAUIjUXUJj^ 

I I I I I I 1 1 1 1 1 I I I I I 



p 6 I I I | | | | | | | | j | | | | | | 

. rTTirTTiTTTTTTTTY l 



27 



EP 1 094 140 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 12 2027 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnt.CI.7) 



US 4 269 713 A (YAMASHITA SHUZ0 ET AL) 
26 May 1981 (1981-05-26) 

* example 1 * 

US 5 677 360 A (K0SH0JI T0SHIN0BU ET AL) 
14 October 1997 (1997-10-14) 

* column 7, line 43 - line 32 * 

* column 10, line 58 - column 11, line 6 * 

US 4 246 357 A (H0BES JOHN V ET AL) 
20 January 1981 (1981-01-20) 

* column 1, line 56 - column 2, line 68 * 

EP 0 525 204 A (MITSUBISHI RAYON CO) 
3 February 1993 (1993-02-03) 

* examples 1-6 * 



1,17 



D04H1/58 



1,17 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



D04H 

C08J 
B01D 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date of completion of the search 

22 February 2001 



V Beurden-Hopkins, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent famiry, corresponding 
document 



28 



EP 1 094 140 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 12 2027 



This annex lists the patent family membersrelating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose ol information. 

22-02-2001 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 




A 




ID 
JP 


1417306 C 


22-12-1987 








JP 


55148211 A 


18-11-1980 








ID 
JP 


62027163 B 


12-06-1987 








JP 


55035969 A 


13-03-1980 








JP 


58036602 B 


10-08-1983 








DE 


2935097 A 


20-03-1980 








KK 


2435276 A 


04-04-1980 










2031792 A,B 


30-04-1980 


US 5677360 


A 


14-10-1997 


DE 


69225359 D 


10-06-1998 








DE 


69225359 T 


08-10-1998 








EP 


0525204 A 


03-02-1993 








JP 


5202240 A 


10-08-1993 








UO 


9214783 A 


03-09-1992 


US 4246357 


A 


20-01-1981 


DE 


2830328 A 


24-01-1980 








CA 


1126896 A 


29-06-1982 








EP 


0007085 A 


23-01-1980 








JP 


1430814 C 


24-03-1988 








JP 


55065208 A 


16-05-1980 








JP 


62031003 B 


06-07-1987 








US 


4314035 A 


02-02-1982 


EP 0525204 


A 


03-02-1993 


DE 


69225359 D 


10-06-1998 








DE 


69225359 T 


08-10-1998 








JP 


5202240 A 


10-08-1993 








UO 


9214783 A 


03-09-1992 








US 


5677360 A 


14-10-1997 





For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



29 



